A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report iIs not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1




LA-UR-83-3490 LA-UR--83-3490

DE84 004321

(MVF-%3/303 - ¥

Los Alames Natunal Laboratory 18 operated by the University of Cakfornia for the Unied Siustes Department of Energy under contract W-7405-ENG-38.

R hes beon reproduces from the bes

avaliable 3
e

7irLe: ELECTRICA'. DESIGN OF A HIGH DENSITY AIR-CORE
REVERSED-FIELD PINCH "ZTP"

AUTHOR(S): w11 A. Reass, Jimmy G. Melton and Robert F. Gribble

SUBMITTFD TO: 10th Symposium on Fusion Engineering - Philadelphia, PA
December 5-9Y, 1983

DISCLAIMER

This report was prepared as an account of work aponsored by an agency of the United States
Glovernment. Neither the United States Clovernment nor any agency thereol, nor rny of their
employees, makes any warranly, expross or impliod, or sssumes any legal linbility or responsi-
bility for the sccuracy, completeness, or usefulnens of uny information, apparatus, product, or
procem disclosed, or reprosents that iis use would ot infringe privately owned rights. Refer-
ence herein to any apecific commercial product, process, or servi s by trade name, (rademark,
manufacturer, or otherwise dues nol necessarily constitute or imply ita endorsement, recom-
mendation, or favoring hy e United Siates CGlovernment or any agoncy therool, The views
and opinions of suthorn ezpressed herein do not necesarily state or reflect thase of the
United States CGovernment or any agency thereof,

By acceptance of this articie the publishar recognizes that the U S Government relning a noneclubive. royally-free license 1o publish or reproduce
the published form of 1hin contnbution or v allow others (o do so, for US Government purpoaes

The Los Alamos National | shoratory tsqueats that the publisher identify this articie as work pertormed under the auspices of the U 8 Depariment of Enargy

: Los Alamos National Laboratory
Los AlamOsS ity
PORM M) 038 N4 .}-— { )

o 015 WDUTION OF TS QUCUMENT 1S UNLIMITER


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


ELECTRICAL DESIGN OF A HIGH CURRENT DENSITY AIR-CORE REVERSED-FIELD PINCH nzTp"*

W. A. Reass, J. G, Melton, and R. F. Gritble
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTRALT

This paper describes the electrical design of a
smsll, high current density (10 MA/m?) toroidal
reversed-field Z-Pinch (RFP) presently baing
constructed at Los Alamos.

Special purpose magnetic field programs were used
to calculate gelf and wmutual inductances for the
poloidal field windings. The network analyeis program
MINI-SCEPTRE wae then used to predict plasma current,
including the interactiun between toroidal and poloidal
field circuits, as described by the Bessel function
model for RFP's.

Ueing these prograns, col) geometry was obtained
for minimal fleld errora and the pulse power systems
were optimized to minimize equilibrium control power.
Results of computer modeling and implementation of the
electrical circuits are presented.

INTRODUCTION

2T-P s a small, multipurpose, reversed-field
pinch (RFP) cxperiment presently being constructed at
LANL. It is intended to be a vecssatile experimental
fucility which can provide ansvers to several
outstanding queslions concerning present RFP operations
aud the design of future RFP experiments. It was
designed to serve several specific purposes: (1) to
provide an engineering and physics teat of an air-core
RFF device, (2) to investigate RFP operation at high
current density (10 MA/m?) relevant to the compact RFP
reactur concept, (3) to provide an experiment designed
to have very low magnetic field errors, allowing
controlled fleld error experiment” to be performed, (4)
to investigate divertor-like magnatic field
configurations, and (5) to investigate different
corfigurations of the conducting shell, including the
possibility of operacing without a conducting shell.

Thia paper discusses primarily the electrical
deslgn of ZT-P. The design of the poloidal field
aystem {a Jlmcussed first {n order to establish the
method adupted for producing the correct equilibrium
ftelds, Then the circuit nsimulations to verify the
method are discussed and the calculated resulta are
presented. Final.y, the final demign of the electrical
syNtems for the machine {m presented.

FOLOTDAL FIRLD COIl SYSTEM

The polotdal fleld (PF, coll set {a couposed of
two mets of windinga, shown fn Fig. 1. The ragnetieing
(M) winding provides the poloidal flux awing to drive
the plasama current, It {m componed of two seta of
windinga with 40 vurne  each, asymaetrically arranged
with rowpect to the machine mid-plane, to allow serien
or parallel connection of the windingm. The individual
colle are positioned to direcl the return flux from Lhe

contral molenotd around the regisn occupled by the
plagma, producing minimum  wiray fleld fn the plasma
region. These windinge are the (uner ael of wolenvidal

collm shown 1 Kl 1.
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Figure 1. Arrangement of Poloidal Field Crils.

The equilibrium (EF) coil set produces a flux
surface at the liner which deviates less than 12.7 mm
from circular, Thaese colls sach have several taps such

that tha turns ratio can ensily be changed. There are
no separate vartical field or horizontal fleld
windings. Ruther, the vertical fleld required for
equilibrium and the field indexing required for

vertical stability are produced by distributing the
currents in the EF-coils via extwrnal equilibrium power

supplies. The EF-coils are cross-connected as shown in
Fig. 2. Computer simulations have shown that the
correct vertical fleld and field index can be achieved
with the use of only two extern:! powrr supplien {f

this coll cross-connection is umad.
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Figure 2, Polotdal Fleld Clrentt,
Cromss—~connection of Kquiltbrium Coflu,
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Since one of the experiments plaaned for ZT-P 1is
to operate without a shell, the equilibrium power
supplies must be capable of providing the correct
equilibriun filelds not only during the period of
constant current, but during the early setting-up phase
as well, wvhen equilibrium 1s ordinarily provided by
shell eddy-currents. In computer aimulations of the
circuit performance, it was found that cthis required a
high peak power frnm the equilibrium power suppiies,
In an attempt to reduce the peak power requirement, the
EF-coils ware repositionad and the turns in each colil
were varied, by trial and error, until a configuration
was found which reduced the power supply peak power
significantly. 1In effect, this method sacrifices the
usual "de-coupling' between the EF-coll and the M-coil
in order to supply more of the energy for the vertical
field from the mair capacitor bank, initead of from the
power supplies. It was found that the slight changes
in EF=coil position had 1litt's affeact on the flux
surfaces at the liner.

COMPUTER VERIF1CATION OF CIRCUIT DESIGH

In order to verify the method of veitical fieiu
generation deamcribed above, extensive computer modeling
was done of the poloidal field system and the external
circuits. Special rurpose wmagnetic fileld progrums,
baged on circular filapentary coils, were used to
calculate the magnetic fields resulting from a given
coll conflguration and current distribution. Then
almilar programa were used to calculate the amutual
inductance between each coil pair. Tho netwerk
analysis programs MINI-SCEPTRE! was then used to
calculate the circult response and to verify that the
cull curronta were correct,

The network proyram MINI-SCEPTRE as implarented on
the MFECC computer is unable to handle mutual
{nductances {n c!rcuits. In order to circumvant thia
difftrulty and mtill use MINI-SCEPTRE instead nf the
full version of SCKPTRE (which we have found runs much
slower), the coil currentm were represented as current
nources and thn {nver'ed inductance matrix was used in
the differential ecuation wolving featurs of
MINI-SCEPTRE to wmolve faor the coll currents. In

Fig. 3, showing the poloidal field equivalent cireuir,
the cofl currents are reapresented by the current
sources (J'n). J1 1la the current in the magnetizing

windfng, J2 and I} are the currenta in the two branches
of the EF-collsn, and J7 fa the planma current. The
plawma rosinlance s represented am & tvime varying

value dependant on the current denaity, aa acaled from
ZT-40M.  Coupling between the poloidal and toroidsl
clreaitn In accomplinhed via the Culhas coupled model
for RFP'u.Y

The program  calculates and (ompares (1) Lhe
vert len! field raquired for equiltbrium from
Shafranov’s formila,! given the plasma currect, and (?)
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Figure 1. Poloidal Flald Equivalenl CGirveult

distribution of currents in the EP-coils. The

diffarance betweean the two fields is used to excite 2
faedback circuit waich drives the equilibrium powar
supplies. The prcgram then calculates the powsr being

output by the power supplies.

Figures 4 through 8 ehow the rasults of these
auaparisuns. Figure & shows the currents being driven
in the EF-cnils, and Fig, 5 shows tha vartrical field
being produced comjared to the vertical field required
by the formule, Pigures & and 5 represent a case tLhat
is not well matched.
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fligure 4, EF-Coil Currents = (Unmatched Came)
Compurison of Actua' Currents and Currents Required
to Produce Equilibrium Vertical Fiaeld.
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Figure 5. Ver.lcal Fleld and Field Index - (Unmatched
Cane) Comparfmon of Actual Tleld and Fileld Requlred
for Kquilibrium,

Fligures 6 and 7 show a coaparison hetween 1 vqquired
and actual FP-coil curientn and vertical fleld for a
well matched condition, and Fig. B whown the power
outpul rejuired from Lhe equilibrium sunplien. During
Lhe setting-up phase, the power supplies munt supply a
combined peak nf 23-MW, but during the ({lat-tup phane
(antter | m8), they are abmorbing about 4 MW from the
pover crowbar bank.
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Figure 6. EF-Coil Currents - (Matched Case) Comparison
of Actual Currents and Currents Required to Produce
Equilibrium Vertical Field.
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Figure 7. Vertical Field and Field Index = (Matched

Case) Comparfaon
for Equilibrium.

of Actual Fileld and Ficld Required

FLECTRICAL CIRCUIT DESCRIPTION

The electrical ctrcuits to drive ZT-P are shown {n
Fige. 7 and ), The main eneigy atorage is 1in
capacltor banks, which are switched through ignitrons.
The cnergy to flat~top the current {s supplied from

power crowbar capacitor banks, coupled 1into the main
clreculcen through low-inductance, low-reaistance
transformers. Two  "equilib: lum”™ power suppllen

dintribute the
vartical fleld.

current in the EF-coils to provide the

The poloidal fleld clrcult {im

The main (atart) capacitor bankns
nections, sach with twelve 170 u¥F 10-kV capacitors,
connectad to operate at 120-kV with respect te ground,
The power crowbar capacltor bank consists of 43 each
170 uwF capucitors oparated at +10-kV with respect to
ground, Switching is accomplished by size-D ignitrons.
All rapacitor banka contain small damping resistors to
provide a damped waveform in the event of a systems dump
and to limit fault currents.

shown 1in TFig. 9.
coneist of four
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Figure 8. Output of Equilibrium Pover Supplies

for Matched case.

The power crowbar tranaformer {n the poloidal
field circuit requires 6 V- flux swing and a turns
ratio of 4:]1 to match the ]10-kvV PCB bank to the primary

circuit. A core with .376 V-s bipolar flux swing was
avallable snd was selected, requiring 72 primary turns
and 18 se-ondary turns.

Protective end-of-shot-dump (EOSD) ignitrons
(size-D) are provided tn dump the power crowbar energy
in the evant of plasma terwmination ar faflure to
achieve plasma breakdown. Faflure to do so could

result in overatressing the PF coils. They may also be
used to terminate a normal shot, by ramping the current
gradually to eero. The EOSD circuits will have
resistance values small enough to effectively shunt
current from the EF-coils and large enough to damp
oscillations.

The toroidal field circuit is ahown 1in Fig. 10.
The main calacitor hank consists of 24 each 60 pF 10-kv
capacitors, that are sWitchead by back=-to=-back
ignitirons. 0.8:--ohm reaiators on each capacitor reduce
ringing wheu @ crowbar ignitron §s closed. The power

crowbar bank is a wsingle 60 uF capacitor, coupled
through the 80:]1 power crowbar trausformer. The
transformer core has 0.128 V=3 blpolar, with 240

primary turns and 3 secondary turns. This transformer
must have very lov secondary leakage inductance.

In both eircuits coaxinl cables (17/14 HR) provide
the interconnections between components. The use of
coaxial cables allcws considerable flexibility 1in
locating the componentd and {n acccemmodating Future
~ircuit changes.

The design of the equilibrium feedhack myntem In
given in Fig. 11. Flux and position :eniorm provide
active feadback to the arror and luoop compenmation
amplifiers located at ground potential. The
aquilibrius power aupplien are tranaformer-coupled
hard-tube amplifiers, with an nutpur astage conslating
of six parallel MLB6!8B magnetic veam focus triodes In &
arounded cathode configuration. Each tube will nave a
plate current of about 170 A, which In mupplied by =
common 20 kV 235 uwF (91 KJ) capazitor baunk. AN aach
equilibrium coll requireas a booat of aboat 9 ' 1, the
bank voltage will drop abour 2 KvV.



To meet the coupling transformer requirenent of
1.25 volt-seconds, a core has been chosen wi:h 0.188
V-8 bipolar capability. For a 7:1 turns ratio, a
primary of 112 turns and secondary of 16 turrs will be
wound in an interleaved low inductance configuration.

To drive the ML8618’s, a fiber-optic cuntrolled
hot-deck amplifier with a single 3CX20,000A3 output
tube 18 used. Tolid state circuitry is direct-coupled

to the grid, with "pcC"

voltag> isolation.

fiber-optic links providing

CONCLUDING REMARK3

ZT-P is presently under construction, following
the design described in this paper. 1t i@ scheduled to
begin operation posaibly as early as June, 1984.
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However, it 1s anticipated that during the first year
of operation, it will be modificd several times, due to
the varied nature of its physics objectives. The

circuits described here may also have to be modifiad,
but there should be sufficient flexibility 1in the
design to &ccommodate most changes.
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Fijure 10, Torotdal Fleld Electrical Clrcult

Supplies.



